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(57)Abstract: 

PURPOSE: To provide an alloy excellent in resistance to stress corrosion cracking in lead- 
contg. hot water as well as in a thick alkali environment. 

CONSTITUTION: This alloy excellent in resistance to stress corrosion cracking has a 
compsn. consisting of, by weight. <0.07% C, £1.0% Si, <1.0% Mn, 38-45% Cr, 40-57% Ni, <> 
0.5% Al, ^0.5% Ti, <0.1% Mg and the balance Fe with inevitable impurities or further contg. 
0.5-5.0%, in total, of one or more among Mo, W and V. This alloy is preferably treated before 
use so as to prevent the precipitation of chromium carbide and to eliminate a Cr-deficient 
layer formed by the precipitation. 
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(57) [Abstract] 

[Objects of the Invention] The excellent in stress-corrosion-crackir^^Pbof nature is offered. 
[Elements of the Invention] (1) At weight %, they are C:0.07% or less and Si. : 1.0% or less, Mn: 1.0% or less, 
Cr: 38-45%, nickel:40-57%, aluminum: 0.5% or less, Ti: 0.5% or less, Mg: 0.1% or less and the need are 
accepted, and it is in total about one sort or two sorts or more of components of Mo, W, and V. 0.5-5.0 
Alloy excellent in the stress-corrosion-cracking-proof nature which weight % is contained and the 
remainder becomes from Fe and an unescapable impurity. 

(2) (1) to which processing which loses the chromium impoverishment layer generated in connection with a 
deposit of chromium carbide and it is performed in advance of use Alloy. 

[Effect] It excels also in the stress-corrosion-cracking-proof nature in the high temperature hot water 
which contains lead with the stress-corrosion-cracking-proof nature under a thick alkali environment. 



[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] At weight %, they are C:0.07% or less and Si. : 1.0% or less, Mn: 1.0% or less, Cn38-45%, nickel:40- 
57%, aluminum: 0.5% or less, Ti: 0.5% or less, Mg: Alloy excellent in the stress-corrosion-cracking-proof 
nature which 0.1% or less is contained and the remainder becomes from Fe and an unescapable impurity. 
[Claim 2] It adds to a component according to claim 1, and is in total further about one sort of Mo, W, and 
V, or two sorts or more. 0.5-5.0 Alloy excellent in the stress-corrosion-cracking-proof nature and pitting- 
proof nature in which it weight % Contains and which the remainder becomes from Fe and an unescapable 
impurity. 

[Claim 3] The alloy which was excellent in stress-corrosion-cracking-proof nature given in a deposit of 
chromium carbide and either of claims 1 or 2 to which processing which loses the chromium 
impoverishment layer generated in connection with it is performed in advance of use. 



[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 
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[Industrial Application] Thi§ inv^ftfcn relates to the nickel-Cr alloy which^fc excellent in the gestalt of a 
thick plate, the round bar, a pif^B^c. at corrosion resistance and stress-^^Pbsion-cracking-proof nature 
usable as the alloy used under elevated-temperature high-pressure hydrological environment, especially a 
heat exchanger heat exhanger tube of a chemical-industry plant or a reactor. 
[0002] 

[Description of the Prior Art] as the ingredient for heat exhanger tubes in the heat exchanger of the 
chemical processing plant put to the bottom of the environment of elevated-temperature high pressure, or 
an atomic power plant — Alloy 690 (a trade name, a 60%nickel-30%Cr-9%Fe alloy, wholly weight %) etc. — 
40 - 70% of alloy is used [ Cr represented by nickel radical alloy ] for nickel at 25 - 35 % of the weight (it is 
only hereafter described as %). such an alloy — for example, JP,59-232246,A — said — 60-50134 It is 
indicated by the number official report etc. 

[0003] However, water quality environment used in an actual plant pH at 280 degrees C 9.2—9.5 Since it is 
the elevated-temperature quantity alkali environment which is said, alkali concentration may take place in 
the clearance section of a heat exhanger tube and a tubing support plate. Under the environment where 
such hot and high-concentration alkali exists, even if it is the above-mentioned alloy, neither general 
corrosion-proof nature nor stress-corrosion-cracking-proof nature is thoroughgoing. Moreover, it is Pb 
(lead) in a system by capacitor leak etc. When it mixes, even if it is the aforementioned alloy, stress 
corrosion cracking occurs. 

[0004] Thus, with the alloy known now, the stress corrosion cracking (it may be hereafter described as 
SCO of a grain boundary mold will be produced in a high-concentration alkali solution, and inside type SCC 
of a grain will occur in the high temperature hot water (an alkali solution is included) containing lead. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention is high temperature hot water which contains Pb 
also under the environment where hot and high-concentration alkali exists, (an alkali solution is included) It 
aims at offer of the alloy which was excellent under the environment at stress-corrosion-cracking-proof 
nature. 
[0006] 

[Means for Solving the Problem] The summary of this invention is a degree. (1) - (3) It is. 
[0007] (1) At weight %, they are C:0.07% or less and Si. : 1.0% or less, Mn: 1.0% or less, Cr:38-45%, nickel:40- 
57%, aluminum: 0.5% or less, Ti: 0.5% or less, Mg: Alloy excellent in the stress-corrosion-cracking-proof 
nature which 0.1% or less is contained and the remainder becomes from Fe and an unescapable impurity. 
[0008] (2) Add to a component given in (1) and be in total further about one sort of Mo, W, and V, or two 
sorts or more. 0.5-5.0 Alloy excellent in the stress-corrosion-cracking-proof nature and pitting-proof 
nature in which it weight % Contains and which the remainder becomes from Fe and an unescapable 
impurity. 

[0009] (3) In advance of use, deposit of chromium carbide and processing which loses the chromium 

impoverishment layer generated in connection with it are performed. (1) or (2) Alloy. 

[0010] 

[Function] Hereafter, the chemical composition, the metal texture, and the desirable heat treatment 
conditions of the alloy of this invention are explained. 

[0011] (1) A pole quantity Cr-quantity nickel radical alloy [ as / whose Cr content in an alloy is 38% or 
more about the chemical composition of this invention alloy ] is a Cr oxide (Cr 203) which has an 
anticorrosion-property on a front face. Since a coat is formed, inside type SCC of a grain by lead pollution 
high temperature hot water can also control the grain boundary mold SCC by high concentration alkali to 
coincidence. Furthermore, although the alloy of this invention contains Cr with the high content of 38 - 
45%, since it is carrying out little content of Mg, it is excellent also in hot-working nature. 
[0012] Hereafter, the reason for limitation of the content of each alloy content is explained. 
[0013] ** (Carbon C):0.07%or less C is very effective in a rise on the strength, and if it exceeds 0.07%, 
while reinforcement will rise too much, the fall of elongation becomes remarkable and stops having a 
mechanical property required as a heat exhanger tube, although it is an element indispensable when 
securing reinforcement required as a heat exhanger tube. Therefore, the amount of C is made into 0.07% or 
less in this invention. 

[0014] ** Silicon (Si), manganese (Mn) : respectively Although each of Si and Mn is elements which act as 
a deoxidizer of an alloy and to add to some extent is required respectively 1.0% or less, a content all Since 
the weldability and cleanliness of an alloy will be reduced if it exceeds 1 .0%, it is each content. It may be 
1 .0% or less. 

[0015] ** Chromium (Cr):38-45%Cr is an indispensable element in order to give general corrosion-proof 
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generate SCC. On the other 



hand, if Cr is contained exceeding 45%, hot-working nature will fall greatly. Therefore, Cr content is made 
into 38% or more and 45% or less in this invention. 

[0016] ** (Nickel nickel):40 - 57%nickel is an element effective in corrosion resistance improvement, and is 
especially acid resistance and chloride ion (CI-). The SCC-proof nature in the high temperature hot water 
to contain is raised. In order to do this effectiveness so, nickel is required 40% or more. Moreover, although 
especially an upper limit is not limited, it is made into 57% or less in consideration of the content of other 
elements, such as Cr. 

[0017] ** Titanium (Ti): Since the effectiveness is saturated even if contained exceeding 0.5% although it is 
an element effective in Ti raising hot-working nature 0.5% or less, it is an upper limit. It may be 0.5%. 
[0018] ** Aluminum (aluminum): 0.5% or less, like [ aluminum ] Si and Mn, although it is effective as a 
deoxidizer, the content If it exceeds 0.5%, in order to reduce the cleanliness of an alloy It may be 0.5% or 
less. 

[0019] ** Magnesium (Mg): Hot-working nature becomes very good by carrying out little addition of 0.1%or 
less Mg. Since the effectiveness is saturated even if contained exceeding 0.1%, it is an upper limit. It may 
be 0.1%. 

[0020] ** the (Molybdenum Mo) (tungsten W) (vanadium V):need — responding — 1 of sorts of these, and 
two sorts or more — the sum total 0.5-5.0 % — these elements are elements effective in improvement in 
pitting-proof nature. In these elements, one sort of contents or two or more sorts of sum total contents, 
respectively Since a surface passive state coat is not strengthened with less than 0.5%, the effectiveness 
of a pitting-proof nature improvement is scarce. Therefore, when pitting-proof nature is needed in addition 
to stress-corrosion-cracking-proof nature, a sum total content at least one sort of these elements It is 
good to add so that it may become 0.5% or more. On the other hand, the sum total content of these 
elements Even if it exceeds 5.0%, in saturating the effectiveness on a pitting-proof disposition, since hot- 
working nature deteriorates remarkably, it is not desirable. 

[0021] (2) this invention alloy is an alloy which was excellent at the component of the above-mentioned ** 

- ** by the corrosion resistance and stress-corrosion-cracking-proof nature which the remainder 
becomes from Fe and an unescapable impurity including the component of ** if needed further about the 
metal texture of this invention alloy. However, in what has comparatively high C content, Cr carbide 
(Cr23C6) deposits during the time of welding construction, or use with such a high Cr alloy in the grain 
boundary at the time of cooling after annealing. With a deposit of this Cr carbide, if Cr lack layer arises, it 
will become easy to generate stress corrosion cracking. 

[0022] What is necessary is to diffuse Cr positively from the interior and just to prevent generation of Cr 
lack layer, in order to prevent that stress corrosion cracking occurs by such cause. For example, if it heat- 
treats after annealing and a grain boundary deposit of chromium carbide and coincidence are made to 
recover a chromium impoverishment layer, the grain boundary mold SCC will not happen to the bottom of a 
hot and high-concentration alkali environment. 

[0023] (3) There are annealing for adjusting a mechanical property and heat treatment which loses Cr lack 
layer given if needed after that as heat treatment of this invention alloy about desirable heat treatment of 
this invention alloy. 

[0024] Although especially the temperature at the time of annealing the alloy of this invention is not 
limited, it is good to carry out at 1000-1200 degrees C. If annealing temperature is lower than 1000 
degrees C, tension strength, 0.2% proof stress, hardness, etc. will become large beyond the need. Since a 
predetermined property is no longer acquired about tensile strength, 0.2% proof stress, hardness, etc. on 
the other hand while crystal grain makes it big and rough remarkably at the temperature exceeding 1200 
degrees C, annealing is good to carry out in a 1 000-1 200-degree C temperature region. Although the 
holding time changes also with thickness of an ingredient, at least 1 minutes or more are required. A 
cooling rate with furnace-cooling extent late to water cooling, air cooling, and an oil-quenching pan is 
sufficient as a cooling rate, and especially this point is not restricted. 

[0025] although the alloy of this invention is fully excellent in corrosion resistance also with such annealing 

— further — temperature below 800 ** 0.1 hours or more — desirable — 3T >=-200 and log t+ — 2200 
[the T; heating temperature (degree-C) t; temperature holding time (hr)] 

Since the chromium impoverishment layer near the grain boundary will be lost to a grain boundary deposit 
of chromium carbide and coincidence if ******** is given, the grain boundary mold SCC is not generated 
under the alkali existence of elevated-temperature high concentration. Heating temperature at this time If 
it exceeds 800 degrees C, the amount of deposits of chromium carbide decreases and is not desirable. 
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Moreover, it is at less than 6O0^fcffrees C. Since it must hold for 100 hoiv^^r more, it is not economically 

desirable. 

[0026] 

[Example 1] Table 1 (1) And table 1 (2) (it collects below and is only described as Table 1) After ingoting 
the alloy of the shown chemical composition with a vacuum melting process, forging and hot rolling are 
performed and it considers as a plate with a thickness of 7mm, and subsequently it is cold rolling. It 
considered as the thickness of 4.9mm. Then, after heating these plates at 1 100 degrees C and holding 
them for 30 minutes in an argon ambient atmosphere, air cooling was carried out and annealing was given. 
[0027] No.1-21 of Table 1 — this invention alloy and No. — 22 and 23 are comparison alloys. These alloys 
are used and it is (a). An alkali SCC trial and (b) A lead content high-temperature-hot-water SCC trial and 
(c) The pitting trial was performed. Each test condition and test result are as follows. 
[0028] (a) Produce an SCC test piece with a 2mm[ in alkali SCC trial thickness ] x width-of-face [ of 
10mm ] x die length of 75mm, and it is emery paper. After grinding by No. 320, it bent in the U character 
mold, and restrained with the bolt nut, and the depth of the crack which was immersed for 1000 hours and 
generated in the autoclave in 50% of deaerated 350-degree C NaOH water solution was measured with the 
optical microscope. The measurement result is shown in Table 2. Comparison alloy whose Cr content is 
about 30% as shown in this table No. 22 and comparison alloy with many C contents For No.23, although 
SCC is generated, Cr content is 38% or more of alloy (No.1-21). A crack has hardly occurred. 
[0029] (b) Lead content high-temperature-hot-water SCC test above (a) In same U bend test piece, 0.1 
mols [/I. ] PbO was immersed for 1000 hours into 4% of included NaOH degassed water solution (325 
degrees C), and the depth of the generated crack was measured with the optical microscope. The result is 
written together to Table 2. 

[0030] As shown in Table 2, there are [ a Cr content ] few Cr contents to a thing with the depth of stress 
corrosion cracking as good [ 38% or more of alloy ] as 5 micrometers or less. In the example of an alloy of 
No.22 There are many 200 micrometers and C contents. In the example of an alloy of No.23 120- 
micrometer SCC has occurred. 

[0031] (c) Produce a tabular test piece with a 2mm[ in pitting trial thickness ] x width-of-face [ of 30mm ] 
x die length of 40mm, and it is emery paper. After grinding by No. 320, it was immersed for 1000 hours into 
4% of Na2S04 degassed-water solution [325 degree C, pH 3.0 (it is pH adjustment at H2S04)] containing 
500 ppm chloride ion, and the pitting generating situation after immersion was observed with the optical 
microscope. The result is written together to Table 2. 

[0032] For 38% or more of this invention alloy, Table 2 to Cr content is the low comparison alloy (No.22) of 
the amount of Cr(s). Although it compares and pitting-proof nature is good, it is about Mo+W+V. It turns 
out that this invention alloy contained 0.5% or more does not have generating of pitting, and pitting-proof 
nature is remarkably excellent. 
[0033] 
[Table 1 (1)] 
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[0036] 

[Example 2] Alloy produced on the conditions same to annealing as an example 1 To the test piece of No.1, 
it is at 500 - 850 **. 0.1-100 Low-temperature heat treatment of time amount was performed, and heat 
treatment which recovers the chromium impoverishment near [ accompanying the deposit to the grain 
boundary of chromium carbide (Cr23C6) ] the grain boundary was performed. Then, (a) of an example 1 The 
same alkali SCC trial was performed. 

[0037] The relation between the temperature of low-temperature heat treatment, and time amount and the 
SCC crack depth is shown in drawing 1 . When heating temperature at this time was set to T (degree C) 
and the temperature holding time was set to t (hr), as it was shown in drawin g 1 , when there is no stress 
corrosion cracking in the test piece processed on condition that the range of T<= 800 degree~C3T >=-200 
and log t+2200 and low-temperature heat treatment is performed on such conditions, it turns out that a 
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chromium impoverishment Jayei^J^s not arise. 

[0038] In addition, although the^P&rgranular corrosion with slight O marWjBR-awing is produced, it is 
shown that there is no generating of SCC, as for ** mark, SCC shows that it is 5-30 micrometers, and, 
similarly, as for x mark, SCC means that it is over 30 micrometers. 
[0039] 

[Effect of the Invention] The alloy of this invention is excellent in the high temperature hot water 
containing lead at SCC-proof nature while it is excellent in the stress-corrosion-cracking-proof (SCC) 
nature under a thick alkali environment, as an example also shows. Furthermore, it is in total about 
Mo+W+V. The alloy of this invention of which 0.5%-5.0 % content is done is excellent also in pitting-proof 
nature with the above-mentioned aikali-proof SCC nature and lead-proof content elevated-temperature 
SCC nature. 

[0040] Therefore, this invention alloy is suitable as ingredients, such as a heat exchanger heat exhanger 
tube of a chemical processing plant or an atomic power plant. 



[Translation done.] 
* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 



2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] It is drawing which plotted the effect of low-temperature heat treatment to alkali-proof 
stress-corrosion-cracking nature to the temperature and the holding time of the heat treatment. 



[Translation done.] 
* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



I.This document has been translated by computer. So the translation may not reflect the original precisely. 



2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 

[Drawing 1] 
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[Translation done.] 



file://C:¥Documents%20and%20Settings¥kawano.y¥My%20Documents¥JPOEn¥JP-A-H06-12... 2004/06/07 



